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POLYPEFITDE VARIANTS 



The invention relates to polypeptides which comprise more than two ligand binding domains 
of a cytokine wherein the domains are linked by a flexible linker which optionally comprises 
5 a proteolytic cleavage site. 

Ligands which interact with receptors to bring about a suitable biochetnical response are 
known as agonists and those that prevent, or hinder, a biochemical response are known as 
antagonists. For example, and not by way of limitation, cell specific growth factors are 
10 Ugands that act as agonists and bind receptors located at the cell sxuiace. Activation of the 
receptors by ligand-specific binding promotes cell proliferation via activation of intracellular 
signalling cascades that result in the e:qpression of, amongst otiier things, cell-cycle specific 
genes, and tiie activation of quiescent cells to proliferate. Growth factors may also activate 
cellular differentiation. 

15 

A large group of growth factors, referred to as cytokines, are involved in a number of diverse 
cellular functions. These include, by example and not by way of limitation, modulation of the 
immune systan, regulation of energy metabolism and control of growth and development. 
Cytokines which are secreted by lymphocytes are termed lymphokines (also known as 
20 interleukins). Those secreted by monocytes and macrophages are termed monoldnes. 
Cytokines are also secreted by endocrine glands, (for example growth hormone (GH) by the 
pituitary gland), and adipose cells (for example leptin). Cytokines mediate their effects via 
receptors expressed at the cell sur&ce of target cells. 

25 Receptors of the cytokine receptor family possess a single transmembrane domain and lack 
intrinsic enzyme activity (Kishimoto et aL, 1994). Upon binding of a cytokine to a cognate 
receptor, either receptor homo- or hetero-dimerisation or oligomerisation occurs. The 
receptor complex is intemsdised and signalling occurs through the activation of associated 
signalling cascades that include the Jak/Stat and Mapk pathways. Intemalisation is followed 

30 by a recycling step whereby the recq)tor molecule is regenerated for further use within the 
cell. 

An example of the above is described with respect to GH and its binding to the GHR. This 
example is merely meant to be illustrative and not limiting and is an example of a cytokine 



1 

CONFIRMATION COPY 



wo 03/062276 




PCT/6B03/00253 



which activates a signal transduction cascade by binding, dimerisation and intemalisation of 
the receptorrligand complex. It is known that a single molecule of growth hormone (GH) 
associates with two identical receptor molecules (Cmmingham et aLy 1991; de Vos et al^ 
1992; Sundstrom et al^ 1996; Clackson et al, 1998). This occurs through two unique 
5 receptor-binding sites on GH and a common binding pocket on the extracellular domain of 
two receptors. Site 1 on the GH molecule has a higher affinity than site 2, and receptor 
dimerization is thought to occur sequentially with one receptor binding to site 1 on GH 
followed by recruitment of a second receptor to site 2. 

10 The extracellular portion of the GHR exists as two linked domains each of approximately 100 
amino acids (SD-100), the C-terminal SD-100 domain being closest to the cell surface and the 
N-terminal SD-100 domain being furthest away. It is a conformational change in these two 
domains that occurs on hormone binding with the formation of the hetero-trimeric complex 
GHR-GH-GHR. It has been proposed that ligand-driven receptor dimerization is the key event 

15 leading to signal activation (Cunningham et aL, 1991), triggering phosphorylation cascades 
that include the Jak2/Stat5 pathway (Argetsinger & Carter-Su, 1996). Using confocal 
microscopy and Fluorescence Resonance Energy Transfer (FRET) it is known that there is 
very rapid intemalisation of GHR after Ugand binding and tiiat intemalisation and signaling 
are independent functions (Maamra et al, 1999). Intemalisation of the GHR-GH-GHR 

20 complex is followed by a recycling step whereby the receptor molecule is regenerated for 
further use within the cell. 

Examples of cytokines which are related to GH are leptin and erythropoietin (EPO). The 
leptin receptor and the EPO receptor share considerable structural homology with the GHR 
25 and require a similar dimerisation process to trigger signalling. Leptin supresses appetite and 
leptin resistance is associated with obesity. A Iqjtin receptor antagonist will provide a 
treatment for anorexia nervosa. EPO excess causes polycythaemia which may be secondary to 
hypoxia (chronic lung disease), or primary in the case of polycythaemia rubra vera (a disorder 
of excess red blood cells). An EPO antagonist will provide a thenqpy for polycythaemia 

30 

The disorders of acromegaly and gigantism result firom an excess of growth hormone, usually 
due to pituitary tumours. A dmg currently under trial is the pegylated GH antagonist B2036, 
designed using recently acquired knowledge of the molecular stracture of the GHR. 
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Uofortunately, to antagonise GH action very high levels of B2036 are required, over a 1000 
times higher than endogenous GH levels. 

The invention relates, inter alia, to the provision of oligomeric polypeptides (dimers, trimers 
s etc) comprising the ligand binding domains of cytokines which are linked via flexible 
polypeptide linker molecules which optionally include protease sensitive sites to modulate the 
release of biologically active cytokines when administered to an animal. 

According to a first aspect of the invention there is provided a polypeptide comprising 
10 more than two ligand binding domains of a cytokine receptor wherein said domains 
are linked by a linker molecule. 

Preferably the linker molecule comprises at least one proteolytic cleavage site. 

15 Preferably said cleavage site is sensitive to a serum protease. 

Preferably said cleavage site comprises the amino acid sequence: LVPRGS, or 
variant thereof. 

20 In a further preferred embodiment of the invention said cleavage site comprises at 
least one copy of the amino acid sequence: SGGGG, or functional variant thereof. 
Preferably, said cleavage site comprises the amino acid sequence PGISGGGGGG. 

More preferably stiU said cleavage site comprises the amino acid sequence: LVPRGS 
25 PGISGGGGGG, or variant tihereof. 

Alternatively, said cleavage site comprises at least two copies of the amino acid 
sequence SGGGG, or functional variant thereof, which flank said cleavage site. 

30 la a further preferred embodiment of the invention said cleavage site is sensitive to 
the serum protease thrombin. 

In a further preferred embodiment of the invention said polypeptide comprises a 
plurality of ligand binding domains. Preferably said polypeptide has 3, 4, 5, 6, 7, 8, 9, 
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or 10 ligand binding domains. Preferably said polypeptide has greater than 10 ligand 
binding domains. 

In a further preferred embodimoit of the invention said polypeptide has 4, 6, 8, 10, or 
5 12 ligand binding domains. 

In a preferred embodiment of the invention said polypeptide comprises at least four 
ligand binding domains. 

10 In a further embodiment of the invention said polypeptide is an antagonist. 

In an alternative preferred embodiment of the invention said polypeptide is an agonist. 

In a further preferred embodiment of the invention said Ugand binding domain is 
15 selected from the ligand binding domains of the cjrtokines selected from the group 
consisting of: growth hormone; leptin; erythropoietin; prolactin; interleukins (IL), IL- 
2, IL-3, IL-4, IL-5, IL-6, IL-7, 11^9, IL-10, BL-U; the p35 subunit of IL-12, IL-13, EL- 
15; granulocyte colony stimulating factor (G-CSF); granulocyte macrophage colony 
stimulating factor (GM-CSF); ciliary neurotrophic factor (CNTF); cardiotrophin-1 
20 (CT-1); leukaemia inhibitory factor (LIF); oncostatin M (OSM); interferon, EFNa and 
IFNy. 

Tn a prefixed embodiment of the invention said ligand binding domain is the Ugand 
binding domain of growth hormone. 

25 

A single hGH molecule binds to two GHR molecules. The hGH molecule interacts 
with one receptor molecule through a high affinity site, and with the other through a 
low afBnity site. A single protein chain consisting of hGH linked to hGH will contain 
two high aflBnity sites which can bind strongly to a pair of receptor molecules and two 
30 low afBnity sites. 

In one embodiment of the invention, two or more copies of a ligand binding domain 
are expressed on a single polypq)tide chain and the sequence of the tandem or 
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oligomeric cytokine is airanged *ligand binding domain-linker-ligand binding 
domain'. 

Li a further preferred embodiment of the invention said ligand binding domain is the 
5 binding domain of leptin. 

Preferably ttie linker comprises at least one copy of the peptide: 

Gly Gly Gly Gly Ser Ser Ser Ser (hereinafter referred to as "Gly4Ser4'*). 

10 

In one embodiment of the invention the linker is 8 amino acids in length and consists 
of one copy of the Gly4Ser4 linker. In an alternative embodiment of the invention, 
the linker is 16 amino acids in length and consists of two copies of the Gly4Ser4 
linker. In a further alternative embodiment of the invention said linker is 24 amino 
15 acids in length and consists of three copies of the Gly4Ser4 linker. 

More preferably the linker is a polypeptide which comprises 5 to 50 amino acid 
residues. Most preferably the linker comprises 5 to 30 amino acid residues. 



20 Most preferably the linker comprises at least one copy of the peptide: 

Gly Gly Gly Gly (hereinafter referred to as "(Gly4Serr or (G4S)). 

In one embodiment of the invention the linker is 5 amino acids in lengtti and consists 
25 of one copy of the (Gly4Ser) linker. In an alternative embodiment of the invention, 
the linker is 10 amino acids in length and consists of two copies of the (Gly4Ser)2 
linker. In a further alternative embodiment of the invention said linker is 15 amino 
acids m length and consists of three copies of the (Gly4Ser) linker. In a further 
alternative embodiment of the invention said linker is 20 amino acids in length and 
30 consists of 4 copies of the (Gly4Ser)4 linker. 

In an alternative embodiment of the invention, the polypeptide is a fusion protein 
comprising infirame translational fusions of ligand binding domains according to the 
invention. 
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It will be apparent to one skilled in the art that alternative linkers can be used to link 
ligand binding domains, for example the use of chemical protein crosslinkers. For 
example homo-bifimctional crosslinker such as disuccinimidyl-suberimidate- 
dihydrochloride; dimethyl-adipimidate-dihydrochloride; 1,5,-2,4 dinitrobenezene or 
5 hetero-bifunctional crosslinkers such as N-hydroxysuccinimidyl 2, 3- 
dibromopropionate; l-ethyl-3-[3-dimethylaminopropyl] carbodiindde hydrochloride; 
succinimidyl 4-[n-maleimidomethyl]-cyclohexane-l-carboxylate. 

Further examples of chemical crosslinks include the provision of chemically modified 
10 linker molecules and/or ligand binding domains. For example, if one end of the 
linker molecule is terminated with an amino terminal lysine residue and the ligand 
binding with a caiboxyl-terminal glutamine residue then ligand binding domains can 
be oligomerised with transglutaminase. 

15 According to a ftuther aspect of the invention there is provided a nucleic acid 
molecule comprising a nucleic acid sequence which encodes a polypeptide according 
to the invention. 

In a preferred embodiment of the invention said nucleic acid molecule comprises a 
nucleic acid sequence selected firom the group consisting of: 

20 i) a sequence represented by Figs 4 or 6; 

ii) a sequence which hybridises to the sequence of (i) above and which has cytokine 

receptor modulating activity; and 

iii) a sequence which is degenerate as a result of the genetic code to the sequences 

defined in (i) and (ii) above. 

25 In a preferred embodiment of the invention said nucleic acid hybridises under 
stringent hybridisation conditions to the sequences represented in Figs 4 or 6. 

It is well known in the art that optimal hybridisation conditions can be calculated if 
the sequence of the nucleic acid is known. For example, hybridisation conditions can 
be detemiined by the GC content of the nucleic acid subject to hybridisation. Please 
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see Sambrook et al (1989) Molecular Cloning; A Laboratory Approach. A common 
formula for calculating the stringency conditions required to achieve hybridisation 
between nucleic acid molecules of a specified homology is: 

5 Tn. = 81.5® C + 16.6 Log [Na"*] + 0.41[ % G + C] -~0.63 (%formamide). 

Typically, hybridisation conditions uses 4 - 6 x SSPE (20x SSPE contains 175 .3g 
NaCl, 88.2g NaH2P04 H2O and 7.4g EDTA dissolved to 1 htre and the pH adjusted to 
7.4); 5-1 Ox Denhardts solution (50x Denhardts solution contains 5g FicoU (type 400, 
10 Pharmacia), 5g polyvinylpyrrolidone abd 5g bovine serum albumen/5 00ml; lOO^ig- 
l.Omg/ml sonicated sahnon/herring DNA; 0.1-1.0% sodium dodecyl sulphate; 
optionally 40-60% deionised formamide. Hybridisation temperature will vary 
depending on the GC content of the nucleic acid target sequence but will typically be 
between 42^- 65^ C. 

15 According to a further aspect of the invention there is provided a polypeptide which is 
encoded by a nucleic acid molecule according to the invention. 

Li a preferred embodiment of the invention the polypeptide so encoded is modified by 
deletion, addition or substitution of at least one amino acid residue. Ideally said 
modification enhances the antagonistic or agonistic effects of said polypeptide with 
20 respect to the inhibition or activation of receptor mediated cell signalling. 

Alternatively, or preferably, said modification includes the use of modified amino 
acids in the production of recombinant or synthetic forms of polypeptides. 

It will be apparent to one skilled in the art that modified amino acids include, by way 
of example and not by way of limitation, 4-hydroxyproline, 5-hydroxylysine, N^- 

25 acetyllysine, N^-methyllysme, N^JST^-dimethyllysine, N^,N^,N^-trimethyllysine, 
cyclohexyalanine, D-amino acids, ornithine. The incorporation of modified amino 
acids may confer advantageous properties on polypeptides. For example, the 
incorporation of modified amino acids may increase the affinity of the polypeptide for 
its binding site, or the modified amino acids may confer increased in vivo stabiUty on 

30 the polypeptide thus allowing a decrease in the effective amount of therapeutic 
polypeptide administered to a patient. 
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According to a yet further aspect of the invention there is provided a vector including 
a DNA molecule according to any preceding aspect or embodiment of the invention. 

In a preferred embodiment of the invention said vector is provided with means to 
5 manufiacture recombinantly the polypeptide of the invention. 

In a preferred embodiment of the invention said vector is an expression vector adapted 
forprokaryotic gene expression. 

10 Prokaryotic expression systems are well known in the art and comprise vectors 
adapted for high level constitutive and inducible expression. Inducible e?q)ression 
systems are particularly advantageous if the recombinant polypeptide is toxic to the 
bacterial cell. Induction of expression is tigihtly regulated by promoters responsive to 
various inducers (e.g. IPTG inducible). Bacterial cells can be grown to stationary 

15 phase before induction thereby reducing harmful effects of toxic polypeptides. 

Additionally it is also well known in the art that certain polypeptides are difScult to 
manufacture recombinantly due, for example, to protein instability or problems of 
aggregation. It is well known that genetically modiJfied bacterial strains are available 
20 which are mutated in genes (e.g. bacterial proteases) which facilitate the production of 
native and recombinant bacterial polypeptides. 

Li a further preferred embodiment of the invention said vector is an expression vector 
adapted for eukaryotic gene expressiptL 

25 

Typically said adaptation includes, by example and not by way of limitation, the 
provision of transcription control sequences (promoter sequences) which mediate 
cell/tissue specific expression. These promoter sequences may be cell/tissue specific, 
inducible or constitutive. 

30 

Promoter is an art recognised term and, for the sake of clarity, includes the following 
features which are provided by example only, and not by way of limitation. Enhancer 
elements are cis acting nucleic acid sequences often found 5* to the transcription 
initiation site of a gene (enhancers can also be found 3* to a gene sequence or even 

8 
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located in intronic sequences and are therefore position independent). Enhancers 
function to increase the rate of transcription of the gene to which the enhancer is 
linked. Enhancer activity is responsive to trans acting transcription factors 
(pol>peptides) which have been shown to bind specifically to enhancer elements. The 
5 binding/activity of transcription factors (please see Bukaryotic Transcription Factors, 
by David S. Latchman, Academic Press Ltd., San Diego) is responsive to a nimiber of 
environmental cues which include, by example and not by way of limitation, 
intermediary metabolites (eg glucose, lipids), environmental effectors (eg light, heat). 

10 Promoter elements also include so called TATA box and RNA polymerase initiation 
selection (RIS) sequences which function to select a site of transcription initiation. 
These sequences also bind polypeptides which function, inter alia, to faciUtate 
transcription initiation selection by RNA polymerase. 

15 Adaptations also include the provision of selectable markers 
and autonomous replication sequences which both facilitate the maintenance of said 
vector in either the eukaryotic cell or prokaryotic host. Vectors which are maintained 
autonomously are referred to as episomal vectors. 

20 Adaptations which faciUtate the expression of vector encoded genes include the 
provision of transcription termination/polyadenylation sequences. This also includes 
the provision of internal ribosome entry sites (IRES) which function to maximise 
expression of vector encoded genes arranged in bicistronic or multi-cistronic 
expression cassettes. 

25 

These adaptations are well known in the art. Th^e is a significant amount of 
published literature with respect to expression vector constmction and recombinant 
DNA techniques in general. Please see, Sambrook et al (1989) Molecular Cloning: A 
Laboratory Manual, Cold Spring Harbour Laboratory, Cold Spring Harbour, NY and 
30 references therein; Marston, F (1987) DNA Cloning Techniques: A Practical 
Approach Vol. m IRL Press, Oxford UK; DNA Cloning: F M Ausubel et a/.. Current 
Protocols in Molecular Biology, John Wiley & Sons, Inc.(1994). 
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In yet a fuiHier aspect of the invention there is provided a method to prepare a 
polypeptide according to the invention comprising: 



(i) growing a cell transformed or transfected with a nucleic acid or vector of the 
present invention in conditions conducive to the manufacture of said 
polypeptide; and 

(ii) purifying said polypeptide from said cell, or its growth environment. 



In a preferred method of the invention said vector encodes, and thus said recombinant 
10 polypeptide is provided with, a secretion signal to facilitate purification of said 
binding agent polypeptide. 

In yet a further aspect of the invention there is provided a cell transformed/transfected 
with the vector or nucleic acid according to flie invention. 

15 

Preferably said cell eukaryotic and is selected from: fungal; insect (e.g. Spodoptera 
frugiperda); amphibian; plant; mammalian. 

More preferably said cell is prokaryotic and is an E. coli cell. 

20 

According to a further aspect of the invention there is provided the use of the 
polypeptide according to the invention as a pharmaceutical. Preferably there is 
provided a pharmaceutical composition comprising the polypeptide according to the 
invention. Preferably said pharmaceutical composition includes a carrier, excipient 
25 and/or a diluent. 

In a further preferred embodiment of the present invention said polypeptide is used for 
the manufacture of a medicament for use in the treatment of a disease selected from 
tiie group consisting of: acromegaly; gigantism; GH deficiCTicy; Turners syndrome; 
30 renal failure; osteoporosis; diabetes mellitus; cancer; obesity; insulin resistance; 
hyperlipidaemia; hypertension; anaemia; autoimmune and infectious disease; 
inflammatory disorders including rheumatoid arthritis. 
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The invention also provides for a method of treating a human or animal subject 
comprising administering an effective amount of the polypeptide, phamiaceutical 
composition or medicament to said subject. 

5 The polypeptides or compositions of the invention can be adndnistered by any 
conventional route, including injection or by gradual infusion over time. The 
administration may, for example, be oral, intravenous, intraperitoneal, intramuscular, 
intracavity, subcutaneous, transdermal or delivered by a non«pathological GMO 
engineered to secrete the polypeptide. 

10 

The pharmaceutical compositions used in the foregoing methods preferably are sterile 
and contain an effective amount of the polypeptide according to the invention for 
producing the desired response in a unit of weight or volume sidtable for 
administration to a patient. 

15 

When administered, the pharmaceutical preparations of the invCTition are applied in 
pharmaceutically-acceptable amounts and in pharmaceutically-accq)table 
compositions. The t&rm '"pharmaceutically acceptable'* means a non-toxic material 
that does not interfere with the effectiveness of the biological activity of the active 
20 ingredients. Such preparations may routinely contain salts, buffering agents (e.g., 
acetic acid in a salt; citric acid in a salt; boric acid in a salt; and phosphoric acid in a 
salt), preservatives (e.g., benzalkonium chloride; chlorobutanol; parabetis and 
thimerosal, compatible carriers, and optionally other therapeutic agents. 

25 Compositions may be combined, if desired, with a pharmaceutically-acceptable 
carrier. The term **pharmaceutically-acceptable carrier" as used herein means one or 
more compatible solid or liquid fillers, diluents or encapsulating substances which are 
suitable for administration into a human. The term "carrier*' denotes an organic or 
inorganic ingredient, natural or synthetic, with which the active ingredient is 

30 combined to faciUtate the appUcation. 

The pharmaceutical compositions may conveniently be presented in unit dosage fomi 
and may be prepared by any of the methods well-known in the art of pharmacy. All 
methods include the step of bringing the active agent into association with a carrier 
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which constitutes one or more accessory ingredients. In general, the compositions are 
prepared by uniformly and intimately bringing the active compound into association 
with a liquid carrier, a finely divided solid carrier, or both, and then, if necessary, 
shaping the product. 

5 

Compositions suitable for oral adn[mustration may be presented as discrete units, such 
as capsules, tablets, lozenges, each containing a predeteraiined amorait of the active 
compound. Other compositions include suspensions in aqueous liquids or non- 
aqueous liquids such as a syrup, elixir or an emulsion. 

10 

Compositions suitable for parenteral administration conveniently comprise a sterile 
aqueous or non-aqueous preparation of polypeptides which is preferably isotonic with 
the blood of the recipient This preparation may be formulated according to known 
methods using suitable dispersing or wetting agents and susp^ding agents. The 

IS sterile injectable prq)aration also may be a sterile injectable solution or suspension in 
a non-toxic parenterally-acceptable diluent or solvent, for example, as a solution in 
1,3-butane diol. Among the acceptable vehicles and solvents that may be employed 
are water. Ringer's solution, and isotonic sodium chloride solution. In addition, 
sterile, fixed oils are conventionally employed as a solvent or suspending medium. 

20 For this purpose any bland fixed oil may be employed including synthetic mono-or di- 
glycerides. In addition, fatty acids such as oleic acid may be used in the preparation 
of injectables. Carrier formulation suitable for oral, subcutaneous, intravenous, 
intramuscular, etc. administrations can be found in R^nington's Pharmaceutical 
Sciraces, Mack PubUshing Co., Easton, PA. 

25 

According to a further aspect of the invention there is provide a method of treatment 
comprising administering to an animal, preferably a human, an effective amount of 
the nucleic acid or vector according to the invention. 

30 An embodiment of ttie invention will now be described by example only and with 
reference to the following figures wherein; 

Figure 1 illustrates a plasmid map of pTrcHisxlAl. 



12 



. wo 03/062276 




PCT/GB03/00253 



Figure 2 illustrates primers used in fhe synthesis of the tandem constructs. 

Figure 3 is a schematic diagram for the constraction of pTrcHisxlCl. pTrcHisxlC2 
5 is constructed in the same way, however the forward primer used is DiGHNotF and 
the restriction enzymes used are Notl and Hin6ni, 

Figure 4 illustrates the DNA sequence for growth hormone tandem segregated by a 
thrombin cleavable linker. The linker region is shown in italics, with the thrombin 
10 cleavage site in bold. 

Figure 5 illustrates the protein sequence for growth hormone tandem segregated by a 
thrombin cleavable linker. The linker region is shown in italics, with fhe thrombin 
cleavage site in bold. 

15 

Figure 6 illustrates the DNA sequence for leptin tandCToi segregated by a thrombin 
cleavable linker. The linker region is shown in italics, with the thrombin cleavage site 
in bold. 

20 Figure 7 illustrates the protein sequence for leptin tandem segregated by a thrombin 
cleavable linker. The linker region is shown in itaUcs, with the thrombin cleavage site 
in bold. The cleavable lirdcer is optional in this construct. 

Figure 8 shows the Coomassie stained SDS-PAGE gel and western blot of the 
25 purified GH-tandem (xlCl). 

Figure 9 is the bioassay data generated for xlCl, with data for in-house synthesised 
GH and conomercially produced GH for comparison. The activity of the tandem is 
similar to the in-house generated GH. Li each case the concentrations of the test 
30 protein used were Ong, 6.25ng, 12.5ng, 25ng, 50ng and lOOng. 

Figure 10 is a schematic diagram illustrating the construction of pTrcHisx2Cl. 

13 
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Figure 11 shows the western blot of the SDS-PAGE gel on which the proteins expressed by 
clones ofE. coli SURE:pTrcHisx2Cl cells were run. The expected size of the leptin-tandem 
is '-37kDa and a faint band is obs^ed at this size. The major band however is approximately 
half of this size. This suggests that the leptin tandem is being expressed but is most probably 
5 cleaved to the single leptin domains. 

Materials and Methods 

The sequence encoding GHR in pTrcHisxl Al (Fig. 1) was replaced with another GH 
10 gene (residues 1-191) to produce two successive GH genes linked with a (G4S)4 
linker. The resultant constract (pTrcHisxlCl) was transfomied into E. coli SURE 
cells, a DNA recombination deficient strain of E. colL Clones expressing GH-(G4S)4- 
GH protein were identified by western blotting using anti-GH (10A7, mouse IgGl) 
probed with Sheep anti-mouse-HRP (Amersham). Another GH-tandem, which lacked 
15 the (G4S)4 linker (GH-GH) was also constracted (pTrcHisxlC2) using the same 
method. 

GH-tandem protein was purified fix>m cell lysates using a metal chelate afiOnity 
column (Probond resin, Invitrogen) followed by an ion exchange column (MonoQ, 
20 Pharmacia). 

The effect of the GH-tandem proteins were analysed using an established bioassay 
(Ross etaL, 1997). 

25 The leptin gene was originally cloned into pHEAT; a temperature-inducible vector. 
However for expression in E. coli SURE cells the gene was sub-cloned into the 
pTrcHis plasmid. A (G4S)4 Imker was then introduced and finally the second leptin 
domain was ligated into the gene to produce the construct that would express the 
leptin tandem. This constmct pTrcHisx2Cl was then transformed mto E, coli SURE 

30 cells. Expression of the leptin-tandem was verified by western blot using anti-leptin 
antibodies (Sigma), developed in rabbit, probed with anti-rabbit-HRP (Sigma). 

Cloning of the GH-Tandems 

14 
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PGR was used to produce a fragment of DNA which consisted of a restriction site 
(Notl or EcoRI), followed by the GH gene and then a HindUl restriction site. This 
was ligated into pTrcHisxlAl, which had been digested with tiie relevant restriction 
5 enzymes, to produce the constructs xlCl (GH-(G4S)4-GH) and xlC2 (GH-GH). The 
primers used for the PCR's are shown in Fig 2, and the reaction scheme is shown in 
Fig 3. 

Purification of the GH-Tandems 

10 

Induced cells (resuspended in 20inM sodium phosphate buffer, 50QmM sodium 
chloride, pH 7.8) were lysed with a combination of 100p.g/ml (final concentration) 
hen egg white lysozyme and sonication. Insoluble material was removed by 
15 centrifugation at 4000rpm for 20 minutes. 

The cleared cell lysate was applied to a 5ml Probond resin column (Invitrogen), 
equiUbrated with 20mM sodiimi phosphate buffer, 500mM sodium chloride, 5% 
glycerol, pH 7.8. The colunm was then washed with 10 column volumes of 20mM 
20 sodium phosphate buffer, 500mM sodium chloride, 5% glycerol, pH 6.0. Bound 
protein was eluted using 5ml 20mM sodium phosphate buffer, 500mM sodium 
chloride, 5% glycerol, SOOniM imidazole, pH 6.0. 

The protein was dialysed overnight against Low Salt Buffer (25mM TRIS, ImM 
25 BDTA, 5% glyqerol, pH 8.0) and then centrifiiged to remove any particulate matter. 
The protein sample was then loaded onto a Mono-Q column (Pharmacia), which had 
been pre-equilibrated with Low Salt Buffer. After a 10 column volume wash witii 
Low Salt Buffer, the bound proteins were eluted over 20 colxmm volumes using a 
gradient between OM sodium chloride to IM sodium chloride (in 25mM TRIS, ImM 
30 EDTA, 5% glycerol, pH8.0). Peaks on the elution profile were analysed by SDS- 
P AGE and western blotting. 

GH-tandem protein was then concentrated (if required) using a Amicon Centriprep Y- 
10 column. 
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The purity of the purified %1CI was conjQrmed by SDS-PAGE, by both coomassie 
staining and western blot (Fig. 8). Once the integrity of this sample had been 
confiimed, xlCl was submitted to the previously established bioassay (Ross et aly 
5 1997) (Fig. 9). 

Qontng of the Leptm-Tandems 

PGR using the primers Lep2TrcFOR and Lep2TrcREV (Fig 2) was used to generate 
10 DNA sequence consisting of (MteI)-IJBPTIN-(//o/I)-(^oI)<iSafl)-STOP-(£^^ 
firom pHEATLeptin. The terminal restriction sites were introduced by PGR and the 
intemal restriction sites were already preset in the pHEATLeptin vector. The PGR 
product generated was ligated into pTrcHisxl Al between Nhel and EcdBl restriction 
sites to produce pTrcHisLeptin. 

15 

PGR was then used to generate the (G4S)4-enco(iing linker flanked by Notl and Xhol 
restriction sites, the primers used were LepLinkFOR and LepLinkREV (Fig 2). This 
was ligated into pTrcHisLeptin between the Notl and Xhol sites to produce 
pTrcHisLepLink. 

20 

The second leptin gene flanked by Xhol and SaR restriction sites was generated by 
PGR, using the primers Lep2FOR and Lep2REV (Fig 2). This was ligated between 
the Xhol and Sail restriction sites to produce the construct which would express the 
leptin tandem, pTrcHisx2Cl. This process for the generation of Hie lq)tin-tandem is 
25 shown iQ Fig TO. ----- - 

This plasmid was transformed into E, coli SURE cells and expression studies carried 
out, visualisation of expression was performed by western blot (Fig. 1 1) 
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CLAIMS 

1. A polypeptide comprising more than two ligand binding domains of a cytokine 
receptor wherein said domains are linked by a linker molecule and wherein the linker 

5 molecule comprises at least one proteolytic cleavage site. 

2. A polypeptide according to claim 1 wherein said cleavage site is sensitive to a 
serum protease. 

10 3, A polypeptide according to claim 2 wherein the serum protease is thrombin. 

4. A polypeptide according to any of the preceding claims wherein said cleavage 
site comprises the amino acid sequence LVPRGS, or a variant thereof. 

15 S. A polypeptide according to any of the preceding claims wherein said cleavage 
site comprises the amino acid sequence SGGGG, or a variant thereof. 

6. A polypeptide according to any of the preceding claims wherein said cleavage 
site comprises the amino acid sequence PGISGGGGGG. 

20 

7. A polypeptide according to any of the preceding claims wherein said cleavage 
site comprises the amino acid sequence: LVPRGSPGISGGGGGG, or a variant 
thereof. 

25 8. A polypeptide according to any of the pieceding claims wherein said cleavage 
site comprises at least two copies of the amino acid sequence SGGGG, or a variant 
hereof, which flank said cleavage site. 

9, A polypeptide according to any of the preceding claims wherein said 
30 polypeptide comprises at least four ligand binding domains. 

10. A polypeptide according to claim 9 wherein said polypeptide has 4, 6, 8, 10, or 
12 ligand binding domains. 

20 



. wo 03/062276 




PCT/GB03/00253 



11. A polypeptide according to any of the preceding claims 1 to 8 wherein said 
polypeptide has 3, 4, 5, 6, 7, 8, 9, or 10 ligand binding domains. 

12. A polypeptide according to any of the preceding claims 1 to 9 wherein said 
5 polypeptide has greater than 10 ligand bmding domains. 

13. A polypeptide according to any of the preceding claims wherein said 
polypeptide is an antagonist. 

10 14. A polypeptide according to any of the preceding claims wherein said 
polypeptide is an agonist. 

15. A polypeptide according to any of the preceding claims wherein said cytokine 
receptor ligand binding domain is selected fix>m the ligand binding domains of the 

15 cytokines selected from the group consisting of: growth hormone; leptin; 
erythropoietin; prolactin; interleukins (IL), IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-9, IL- 
10, IL-11; the p35 subunit of IL-12, IL-13, IL-15; granulocyte colony stimulating 
factor (G-CSF); granulocyte macrophage colony stimulating factor (GM-CSF); ciliary 
neurotrophic factor (CNTF); cardiotrophin-1 (CT-1); leukaemia inhibitory factor 

20 (LIF); oncostatin M (OSM); interferon, IFNa and EFNy. 

16. A polypeptide according to claim 15 wherein the binding domain is the ligand 
binding domain of growth hormone. 



25 17. A polypeptide according to claim 16 wherein the binding domain is the ligand 
binding domain of leptin. 

18. A polypeptide according to any of the preceding claims wherein the linker is a 
polypeptide which comprises from 5 to 50 amino acid residues. 

30 

19. A polypeptide according to claim 18 wherein the linker comprises from 5 to 
30 amino acid residues. 
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20. A polypeptide according to any of the preceding claims wherein the linker 
comprises at least one copy of the peptide Gly Gly Gly Gly Ser. 

2L A polypeptide according to claim 20 wherein the linker is 5 amino acids in 
5 length and consists of one copy of the (Gly4Ser) linker. 

22. A polypeptide according to claim 20 wherein the linker is 10 amino acids in 
length and consists of two copies of the (Gly4Ser)2 linker. 

10 23. A polypeptide according to claim 20 wherein the linker is 15 amino acids in 
length and consists of three copies of the (Gly4SCT) linker. 

24. A polypeptide according to claim 20 wherein the linker is 20 amino acids in 
length and consists of 4 copies of the (Gly4Ser)4 linker. 

15 

25. A polypeptide according to any of the preceding claims wherein the 
polypeptide is a fusion protein comprising mframe translational fusions of ligand 
binding domains. 

20 26. A polypeptide according to any of the preceding claims comprising chemical 
crosslinkers wherein the chemical crosslinkers serve to link the ligand binding 
domains. 

27. A polypeptide according to claim 26 wherein the chemical crosslinker 
25 comprises a homo-bifimctional crosslinker selected from the group consisting of; 

disuccinimidyl-suberiinidate-dihydrochloride; dimethyl-adipimidate-dihydiochloride; 
1,5,-2,4 dinitrobenezene. 

28. A polypeptide according to claim 26 or claim 27 wherein the crosslinker 
30 comprises a hetero-bifiinctional crosslinker selected from the group consisting of; N- 

hydroxysuccinimidyl 2, 3-dibromopropionate; l-ethyl-3-[3-dimethylaminopropyl] 
carbodiimide hydrochloride; succinimidyl 4-[n-maleimidomethyl]-cycloh«ane-l- 
carboxylate. 
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29. A nucleic acid molecule comprising a nucleic acid sequence which encodes a 
polypeptide according to any of the preceding claims. 

30, A nucleic acid molecule comprising the sequence selected from the group 
consisting of: 

5 (i) the sequence represented by Figs 4 or 6; 

(iii)a sequence which hybridises to the sequence of (i) above and which has cytokine 
receptor modulating activity^ and 

(iii)a sequence which is degenerate as a result of the genetic code to the sequences 
defibtied in (i) and (ii) above. 

10 31. A nucleic acid molecule which hybridises xmder stringent hybridisation 
conditions to the sequences represented in Figs 4 or 6. 

32. A polypeptide encoded by the nucleic acid molecule according to any of 
claims 29 to 31. 

33. A polypeptide according to claim 32 wherein said polypeptide is modified by 
IS deletion, addition, and/or substitution of at least one amino acid residue and said 

modification enhances the antagonistic or agonistic effects of said polypeptide with 
respect to the inhibition or activation of receptor mediated cell signalling. 

34. A vector including a DNA molecule wherein said DNA molecule encodes a 
polypeptide according to any of claims 1 to 28, 32 or 33. 

20 - 

35. A vector according to claim 34 wherein said vector is an expression vector 
adapted for prokaryotic or eukaryotic gene expression. 



36. A vector according to claim 34 or 35 wherein said vector encodes, and thus 
25 said recombinant polypeptide is provided with, a secretion signal to facilitate 

purification of said polypeptide. 

37. A method to prepare a polypeptide according to any of claims 1 to 28, 32 or 33 
comprising; 
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(i) growiag a cell transfonned or transfected with a nucleic acid of any of claims 
29 to 31 or a vector of claims 34 to 36 in conditions conducive to the 
manufacture of said polypeptide; and 
5 (ii) purifying said polypeptide fix)m said cell, or its growth environment. 

38. A cell transformed/transfected with the vector of claims 34 to 36 or the nucleic 
acid of claims 29 to 3L 

10 39. Use of the polypeptide of any of claims 1 to 28, 32 or 33 and/or the nucleic 
acid of claims 29 to 31 and/or the vector of claims 34 to 36 as aphannaceutical. 

40. A pharmaceutical composition comprising the polypeptide according to any of 
claims 1 to 28, 32 or 33, and/or the nucleic acid of claims 29 to 3 1 and/or the vector of 

15 claims 34 to 36 wherein said pharmaceutical optionally comprises a carrier, excipient 
and/or a diluent. 

41. Use of the polypeptide of any of claims 1 to 28, 32 or 33 and/or the nucleic 
acid of claims 29 to 3 1 and/or tihe vector of clainois 34 to 36 for the manufacture of a 

20 medicament for tiie treatment of a disease wherein said disease is selected from the 
group consisting of: acromegaly; gigantism; GH deficiency; Turners syndrome; renal 
failure; osteoporosis; diabetes mellitus; cancer; obesity; insulin resistance; 
hyperlipidaemia; hypertension; anaemia; autoimmune and infectious disease; 
inflammatory disorders including rheumatoid arthritis. 

25 

42. A method of treating a human or animal subject comprising administering an 
effective amount of the polypeptide of claims 1 to 28, 32 or 33, and/or the nucleic 
acid of claims 29 to 31 and/or the vector of claims 34 to 36 and/or the pharmaceutical 
composition of claim 40 and/ or the medicament of claim 41 to said subject. 

30 
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Name 


5* — Seqaence — ^3* 


DiGHEcoF 


AGGCGAATTCTTCCCAACCATTCCCTAT 


DiGHNotF 


CTTCAAGAGGCGGCGGCCGCTTCCCAACCATTCCC 
TTAT 


DiGHHinR 


TTCCAAGCTTCATCAGAAGCCACAGCTGCCCTCCA 


Lep2TrcFOR 


CAAAGCTAGCGGTGGCATGCAAGT 


Lep2TrcREV 


AAGCTTGAATTCCTATTACGTCGACTCTAG 


LepLinkFOR 


CAGCTGCTGTGGCTTCGGCGGCCGCAGGTGGCGGA 


LepLinkREV 


AATGCCTCGAGGAATTCGGAACCTCCG 


Lep2FOR 


GGGAAACTCGAGGTGCCCATCCAAAAAGTCCAAG 
AT 


Lep2REV 


GGGAAAGTCGACTCTCTAGAGCACCCAGGGCTGA 
GGTCC 



FIGURE 2 



. wo 03/062276 




PCT/GB03/002S3 




FIGURES 



. wo 03/062276 




PCT/GB03/00253 



Growth hormone molecule 1 



TTCCCAACCATTCCCTTATCCAGGCTTTTTGACAACGCTAGTCTCCGCGC 

CCATCGTCTGCACCAGCTGGCCTTTGACACCTACCAGGAGTTTGAAGAAG 

CCTATATCCCAAAGGAACAGAAGTATTCATTCCTGCAGAACCCCCAGACC 

TCCCTCTGTTTCTCAGAGTCTATTCCGACACCCTCCAACAGGGAGGAAAC 

ACAACAGAAATCCAACCTAGAGCTGCTCCGCATCTCCCTGCTGCTCATCC 

AGTCGTGGCTGGAGCCCGTGCAGTTCCTCAGGAGTGTCTTCGCCAACAGC 

CTGGTGTACGGCGCCTCTGACAGCAACGTCTATGACCTCCTAAAGGACCT 

AGAGGAAGGCATCCAAACGCTGATGGGGAGGCTGGAAGATGGCAGCCCCC 

GGACTGGGCAGATCTTCAAGCAGACCTACAGCAAGTTCGACACAAACTCA 

CACAACGATGACGCACTACTCAAGAACTACGGGCTGCTCTACTGCTTCAG 

GAAGGACATGGACAAGGTCGAGACATTCCTGCGCATCGTGCAGTGCCGCT 
CTGTGGAGGGCAGCTGTGGCTTC 

Linker region 



TTAGTGCCGCGCGGCAGTCCGGGCATTGGCGGCGGTGGCGGC 



Growfli hormone molecule 2 



TTCCCAACCATTCCCTTATCCAGGCTTTTTGACAACGCTAGTCTCCGCGC 
CCATCGTCTGCACCAGCTGGCCTTTGACACCTACCAGGAGTTTGAAGAAG 
CCTATATCCCAAAGGAACAGAAGTATTCATTCCTGCAGAACCCCCAGACC 
TCCCrCTGTTTCTCAGAGTCTArrCCGACACCCT^ 

ACAACAGAAATCCAACCTAGAGCTGCTCCGCATCTCCCTGCTGCTCATCC 

AGTCGTGGCTGGAGCCCGTGCAGTTCCTCAGGAGTGTCTTCGCCAACAGC 

CTGGTGTACGGCGCCTCTGACAGCAACGTCTATGACCTCCTAAAGGACCT 

AGAGGAAGGCATCCAAACGCTGATGGGGAGGCTGGAAGATGGCAGCCCCC 

GGACTGGGCAGATCTTCAAGCAGACCTACAGCAAGTTCGACACAAACTCA 

CACAACGATGACGCACTACTCAAGAACTACGGGCTGCTCTACTGCrTCAG 

GAAGGACATGGACAAGGTCGAGACATTCCTGCGCATCGTGCAGTGCCGCT 
CTGTGGAGGGCAGCTGTGGCTTC 



FIGURE 4 
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Growth hormone molecule 1 



FPTIPI^RIJT)NASIJlAHRmQLAFDTYQEFEEAYIPKEQKYSFLQNPQT 
SLCFSESIPTPSMtEETQQKSNLELUaSLLLIQSWLEPVQFLRSVFANS 
LVYGASDSNVYDLLKDLEEGIQTLMGRLEDGSPRTGQIFKQTYSKFDTNS 
HNDDALLKNYGLLYCFREaDMDKVETFLRIVQCRSVEGSCGF 



Linker region 
LVPRGS PGIGGGGG 
Growth hormone molecule 1 



FPTIPI^RIJFDNASLRAHRLHQLAFDTYQEFEEAYIPKEQKYSFLQNPQT 
SLCFSESIPTPSNREETQQKSNLELLRISLLLIQSWLEPVQFLRSVFANS 
LWGASDSNVYDLIXDI^EGIQTLMGRLEDGSPRTGQIFKQTYSKFDTNS 
HNDDALUOSfYGLLYCFRKDMDKVETFLRIVQCRSVEGSCGF 
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Leptm molecule 1 

GTGCCCATCCAAAAAGTCCAAGATGACACCAAAACCCTCATCAAGACAAT 

TGTCACCAGGATCAATGACATTTCACACACGCAGTCAGTCTCCTCCAAAC 

AGAAAGTCACCGGTTTGGACTTCATTCCTGGGCTCCACCCCATCCTGACC 

TTATCCAAGATGGACCAGACACTGGCAGTCTACCAACAGATCCTCACCAG 

TATGCCTTCCAGAAACGTGATCCAAATATCCAACGACCTGGAGAACCTCC 

GGGATCTTCTTCACGTGCTGGCCTTCTCTAAGAGCTGCCACTTGCCCTGG 

GCCAGTGGCCTGGAGACCTTGGACAGCCTGGGGGGTGTCCTGGAAGCTTC 

AGGCTACTCCACAGAGGTGGTGGCCCTGAGCAGGCTGCAGGGGTCTCTGC 

AGGACATGCTGTGGCAGCTGGACCTCAGCCCTGGGTGC 



Linker region 



TTAGTGCCGCGCGGCAGTCCGGGCATTGGCGGCGGTGGCGGC 



Leptin molecule 2 



GTGCCCATCCAAAAAGTCCAAGATGACACCAAAACCCTCATCAAGACAAT 

TGTCACCAGGATCAATGACATTTCACACACGCAGTCAGTCTCCTCCAAAC 

AGAAAGTCACCGGTTTGGACrTCATTCCTGGGCTCCACCCCATCCTGACC 

TTATCCAAGATGGACCAGACACTGGCAGTCTACCAACAGATCCTCACCAG 

TATGCCTTCCAGAAACGTGATCCAAATATCCAACGACCTGGAGAACCTCC 

GGGATCTTCnTCACGTGCTGGCCTTCTCTAAGAGCTGCCACTTGCCCTGG 

GCCAGTGGCCTGGAGACCITGGACAGCCTGGGGGGTGTCCTGGAAGCTTC 

AGGCTACTCCACAGAGGTGGTGGCCCTGAGCAGGCTGCAGGGGTCTCTGC 

AGGACATGCTGTGGCAGCTGGACCTCAGCCCTGGGTGCTTAGTGCCG 



FIGURE 6 
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Leptin m olecule 1 



WIQKVQDDmXLIKTIVTIUMJISHTQSVSSKQKVTGLDFIPGLHPILT 
I^KMDQTLAVYQQILTSMPSRNVIQIS^roLENIJUDLLHVLAFSKSCI^L 
PWASGLETLDSLGGVLEASGYSTEVVALSRLQGSLQDMLWQLDLSPGC 



L VPRGS PGIGGGGG 



Leptin molecMle 2 



WIQKVQDDTKTLIKTIVTRINDISHTQSVSSKQKVTGLDFIPGLHPILT 

lskmdqtlavyqqiltsmpsrnviqisndlenijldliavlafskscm 
pwasgi;etij)slggvleasgystewalsrlqgslqdmlwqldlspgc 



FIGURE? 
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X1C1 x1C1 
Coomassie Western Blot 
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FIGURE 9 
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leptin 

_Noa(l026) 
\XIwl (1040) 
^SaS. (1054) 



PGR 



Notl Xliol Sail EcoBl 



LeplTrcREV 

///id (450) 
Lepth 

NoH (907) 

yWlOl(921) 

^ayr(935) 
EcoSSl (947) 



Nhel 





Ligate into pTrcHisx1A1 
between Nhe\ and EcoR\ 



Leptiii2 ligated between A%oI 
and SaR sites — generated by 
PGR using primers Lep2FOR 
and Lep2REV 



pTrcHisLepLink 



(048)4 linker ligated between Notl 
and Xhol sites - generated by PGR 
using primers LepLinkFOR and 
LepLinkREV 




A^od(907) 
.„(G4S)4IinkBr 
\ '£coRI(975) 
\hoH9ZX) 

leptin 
\5fl/I(1433) 
£coRI(1446) 
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E. coli 
SUREn5TrcHisx2Cl 




FIGURE 11 
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